The electronic health record is a primary source of information for all professional groups participating in ICU rounds. We previously demonstrated that, individually, all professional groups involved in rounds have significant blind spots in recognition of patient safety issues in the electronic health record. However, it is unclear how team dynamics impacts identification and verbalization of viewed data. Therefore, we created an ICU rounding simulation to assess how the interprofessional team recognized and reported data and its impact on decision-making. Design: Each member of the ICU team reviewed a simulated ICU chart in the electronic health record which contained embedded patient safety issues. The team conducted simulated rounds according to the ICU's existing rounding script and was assessed for recognition of safety issues. Setting: Academic medical center.
D
uring daily ICU rounds, team members gather to review all relevant data, discuss active problems, and enact the daily care plan. Over the decades, rounds have shifted from a physician gathering around the bedside to an interprofessional discussion centered around the electronic health record (EHR). With the increase in participants, the addition of technology, the large amount of data generated, and the numerous real-time tasks being accomplished, rounds have exploded in complexity (1, 2) . Yet in spite of this expansion, little is known about how these components interact.
Numerous studies suggest improved outcomes with interprofessional rounds, documenting reduced adverse events, medication errors, and mortality (3) (4) (5) . This likely reflects the unique lens through which each profession views a patient and the distinctive set of data and expertise they bring to rounds. Additionally, interprofessional rounds benefit from distributed cognition, a phenomenon in which collaborative work leads to better performance by taking advantage of differences in individual cognitive properties (6) . The benefits of distributed cognition have been described in the interdisciplinary communication that occurs during cardiac bypass surgery and would seemingly apply to ICU rounds as well (7) (8) (9) .
Despite widespread adoption, the EHR introduces a socialtechnical dynamic to rounds that remains poorly understood (10) . We previously published that physicians, nurses, and pharmacists when tested individually, all have significant, nonoverlapping blind spots in recognizing critical patient safety issues during EHR-based simulation (11, 12) . However, little is known about how these differences in data collection interact when the team comes together to collectively care for a patient on rounds. We hypothesize that performance related to data collection, interpretation, and verbalization would be improved in the group setting of interprofessional rounds compared with when tested in isolation. The team benefiting not only from the additional shared data but also taking advantage of distributed cognition and therefore performing greater than the sum of its parts.
To test this hypothesis, we created an EHR-centered interprofessional ICU rounding simulation to study how team members integrated with one another, and the EHR, to perform the crucial tasks of rounds: data extraction, recognition of patient safety items, and execution of plans through order entry. Further, in order to fully capture both the complexity and other potential safety touchpoints in rounds, we incorporated the process of real-time order entry with mobile computers into the simulation. With this multifaceted simulation environment, we aim to generate data that improve our understanding of the ubiquitous, but thus far poorly understood, EHR-centered, interprofessional ICU rounds and provide an environment for evaluation of new strategies aimed at improving the overall performance of ICU rounds.
METHODS
The study was conducted at a single academic medical center and the study approved by our institutional's Institutional Review Board. High-fidelity simulation ICU charts were designed and imported into the simulation instance of our EHR as previously described (12, 13) . We created two cases encompassing the complexity that comes with admission in the medical ICU (MICU). Each case was created with the input of an ICU physician, an informaticist, a nurse, and a pharmacist to ensure that they contained the appropriate fidelity for each professional group. Cases contained 5 days of relevant data and were embedded with patient safety events and best practice nonadherence as previously described (13) .
We next replicated our MICU's standardized interprofessional rounds. Our current rounding script begins with an intern (R1) presenting objective data, followed by the nursing report, pharmacist report, the intern discussing the daily plan, and finally an order read back by a resident assigned to order writing. To reproduce this, we recruited an intern, ICU nurse, and ICU pharmacist to collect and present data on rounds and an upper level resident (R2 or R3) as order writer. All participants were recruited from the existing ICU team and were thus familiar with and had participated in the current rounding structure. Interns were from internal medicine, neurology, or emergency medicine categorical programs. The only exclusion criterion was previous participation with the same case. All simulations were conducted in situ to optimize fidelity and participation. Participants were provided with a computer workstation to preround in the EHR. A brief, standardized, sign out was provided, after which the intern, nurse, and pharmacist were given 15, 10, and 5 minutes, respectively, to collect data in the EHR as previously described (12) . The order writer did not preround on the patient, as their role was simply to input orders requested by the team into the EHR. This role mirrors our real rounds in which the order writer is often not directly involved in the care of the patient being discussed. Workstations were equipped with Tobii studio eye-tracking as previously described to allow observation of participants' prerounding processes (14) . Once prerounding was complete, the intern, nurse, pharmacist, and resident gathered to round. A member of the research team served as the attending to facilitate rounds but did not contribute in any other way to rounds. Two members of the research team, an ICU fellow, and an ICU nurse scored rounds for recognition of safety items (i.e., performance) as previously described (11) (12) (13) . Rounds were audio recorded, and recordings were reviewed to resolve discrepancies in scoring and determine length of presentations. Orders placed in the EHR were reviewed and compared with what was requested to determine order integrity.
Differences between groups were analyzed using a twotailed, Student t test. Correlations were analyzed via Pearson's correlation. All analyses were performed using Graph Pad Prism (GraphPad Software, La Jolla, CA). A p value of less than 0.05 was considered statistically significant.
RESULTS
We conducted 28 simulations (case 1 = 18, case 2 = 10) involving 112 participants. Fifty subjects (44.6%) had participated in previous EHR case simulation exercises on different cases and 16 participants (40%) in case 2 participated in case 1.
We first assessed the validity of the structure of simulated rounds by assessing time spent by the group and individual members of the simulated rounding team compared with actual ICU rounds. For simulated rounds, the mean rounding time was 21.1 ± 1.5 minutes. The objective portion of rounds (data only) averaged 7.9 ± 0.6 minutes, with the intern (3.4 ± 0.2 min), nurse (2.2 ± 0.3 min), and pharmacist (2.3 ± 0.3 min) all presenting. The assessment and plan were the longest portions at 10.1 ± 0.9 minutes (47.7%), and the order read back averaged 2.9 ± 0.5 minutes (13.6%). For comparison, we used data from real rounds previously recorded by our group for a separate study (15) . The overall time for the objective portion was longer in simulated compared with real rounds (7.9 vs 5.3 min; p = 0.0008). Although the duration of the intern's presentation of objective data was similar We next evaluated performance in the simulation as determined by verbalization of patient safety items. On average, teams recognized 68.6% of the total possible safety issues (Fig. 1A) . Further, only 50% teams had the primary diagnosis in their differential. When we looked at individual safety items, there was wide variation in recognition. Certain items were frequently recognized, and others nearly universally missed implying systematic blind spots for these issues (Fig. 1B) . When analyzing performance by professional group, interns recognized 30.4% of safety items, followed by pharmacists (19.6%), nurses (15.6%), and the order writer (3.1%). There was a statistically significant negative correlation between the intern's performance and the performance of the nurse and pharmacist within a given team, confirming the ability of other members of the interprofessional rounding team to serve as a safety net (Fig. 2) .
We next sought to determine factors associated with team performance. The interns' recognition of safety items negatively correlated with presentation duration. In contrast, there was a positive correlation between recognition of safety items and report duration for nurses and pharmacists (Fig. 3) . Teams where the intern accounted for more than 50% of data presentation time had a significantly lower recognition rate of safety items (58.0% vs 72.5%; p = 0.004). Finally, if any member of the team had previously participated in an EHR-based simulation, overall team performance was improved (69.9% vs 61.4%; p = 0.032) confirming our prior observations that participation in EHR-based simulations improves performance on subsequent simulation testing (11) .
Finally, we analyzed order writing. On average, a rounding team requested 21.8 ± 1.2 orders, resulting in 21.6 ± 1.3 EHR orders submissions per simulation. The number of orders entered positively correlated with team performance (Fig. 4A) . We assessed how many teams entered a particular order and how many unique orders were entered, grouping orders when possible (e.g., all permutations of piperacillin/tazobactam orders were grouped). For both cases, there was large interteam variation and low degree of uniformity in entered orders. There were 88 distinct orders entered for case number 1 and 57 for case number 2. Of these, 43% of orders were unique to the team entering them, and only three orders (2%) were placed by all eligible teams ( Fig. 4B and Supplementary Fig. 2 , Supplemental Digital Content 1, http:// links.lww.com/CCM/D734). There were 15 orders entered by 80% of teams or greater, 13 of which addressed major safety items, nine were orders incorporated in the Feeding, Analgesia, Sedation, Thromboprophylaxis, Head of Bead Elevation, Ulcer Prophylaxis, Glycemic Control mnemonic, and four were antibiotic-related orders (Supplementary Table 1 , Supplemental Digital Content 1, http://links.lww.com/CCM/D734). In regard to order integrity, teams averaged 1.9 requested but not entered orders and 1.8 entered but not requested orders for a total of 3.6 ordering inaccuracies/ team. Analysis of screen navigation videos from the order entry computer showed that the order writer spent a significant amount of time navigating the EHR on screens not designed for order entry, similar to previously reported resident navigation pattern (Fig. 5 ) (12) . Overall, the order writer navigated to more total screens during the presentation than participants preparing for rounds (Supplementary Fig. 3 , Supplemental Digital Content 1, http:// links.lww.com/CCM/D734). The total number of screens visited by the order writer was strongly and inversely related to overall team performance (R = -0.58; p = 0.001).
DISCUSSION
We successfully created an ICU rounds simulation, from prerounding to order entry, which allowed us to study the complex interchange between healthcare professionals and the EHR. We previously used EHR simulation to study the gathering and presentation of information by individuals (12) . This study expands our methodology to include multiple professions communicating and processing information together, replicating the workflow of real-life interprofessional ICU rounds. Although the use of simulation for studying clinical workflow and systems has been described, its use to understand interprofessional rounds is novel (16) . This approach has the advantage of creating a controlled environment in order to generate data and test hypotheses that would be otherwise methodologically difficult. For example, although we demonstrated high rates of deficient communication of laboratory data in real rounds, the intention and importance of these errors are unclear (15) . With simulation, we know which data points are crucial to the case and therefore can easily differentiate between intentional omissions, benign oversight, and critical misses.
The duration of time spent on data presentation by each member of the group speaks to the degree of fidelity of the simulation. Our findings on the quantity and quality of the data presented in rounds support the conclusion that each member of the team was able to proceed from EHR data extraction to rounds presentation in a substantive way. These data were then processed as a group and led to clinical decision-making in the form of electronic orders. The variation in safety issues identified and placed orders is representative of an ample level of complexity achieved and serves as face validity of our simulation. We compared time of presentation in simulated versus real rounds as additional form of validation and observed that simulated rounds took significantly longer primarily due to increased nursing and pharmacist contributions. Although these differences are likely attributable to experimental factors such as the absence of time pressure felt on real rounds, or differences in complexity of comparator cases, it may also shine light on barriers to optimal interprofessional participation in actual rounds by minimizing dysfunctional, hierarchical power dynamics or feelings of being "undervalued" in the simulation (2, 17) . Determining the factors of this empowered performance so that it can be cultivated in real rounds will be the subject of future investigations.
To assess group performance, we evaluated individual and group recognition of the safety items. Evaluating this type of performance is another distinct advantage of the simulation as it is difficult to track these types of errors in actual rounds, as they are often not apparent in real time. In this study, teams averaged nearly 70% recognition of the total possible safety issues. In our previous studies, using similar methodology, individual providers performing independently recognized an average of 32% of safety issues (11, 12) . Based on these results, we predicted that an interprofessional team working together would miss approximately 50% of safety issues (12) . The outperformance by the interprofessional group in this study supports the hypothesis that interprofessional rounds improve safety recognition compared with individuals from multiple professions working alone (3) (4) (5) . This synergistic effect is supported by the inverse correlation between safety items recognized by the intern and those recognized by the nurse and pharmacist. This indicates that when an antecedent rounder has not been thorough and/or struggled those that follow can fill in the gaps. Analysis of individual safety items demonstrates predictable ways in which each profession protects the blindspots of their rounding colleagues. For example, interns commonly failed to address sedation or feeding status, but nursing additions improved recognition of these items from 6% to 39%, and 33% to 89%, respectively. Pharmacists were excellent at catching previously unmentioned medication errors such as unnecessary famotidine or inappropriate deep venous thrombosis prophylaxis, improving these items from 33% to 95% and 10% to 100%, respectively. However, there were data elements such as low respiratory rate, high calcium level, and presence of a port in a bacteremic patient that were recognized by less than a third of teams, highlighting the system's vulnerability to ineffective extraction of certain data from the EHR.
We observed several factors associated with performance. Consistent with prior studies, teams which contained members who had participated in prior EHR simulations demonstrated improved data recognition (11) . Further, the number of safety items recognized by nurses and pharmacists correlated directly with the amount of time they spent reporting data. Conversely, the interns' report time correlated negatively with the performance of the intern and the team as a whole. There are multiple potential explanations for this. First is that the longer the presentation, the greater degree of mental fatigue by other team members, consistent with our prior observation that laboratory communication errors in ICU rounds increase once presentations are greater than 20 minutes in length (15) . Another possibility is that longer intern presentations are a marker for confusion and inability to process complex information. This is consistent with a report of longer presentation time correlating inversely with accomplishment of daily goals (18) . In either case, this finding has interesting implications when considered with our previously mentioned finding that nurses and pharmacists speak less on real rounds than in the simulation. The impact of shifting some of the data presentation burden from the intern, commonly the most junior member of the team, to nurses and pharmacists requires further study.
The consequence of the missed safety items was high variability in the differential diagnosis by the team with the primary diagnosis included in the differential in less than half the simulations. This manifested as a wide variance in the orders requested by each team with a large fraction of orders unique to an individual team. This variability in requested orders was associated with a number of "inappropriate" orders for the patient given the actual diagnosis, including inappropriate consults and test ordering. This is consistent with other studies suggesting that selective data gathering and processing are associated with an increase in medical errors and patient morbidity (19) . The increase in morbidity coming not only from delayed or missed diagnosis, the top cause of preventable error, but also from unintended consequences associated with inaccurate order entry and unnecessary testing.
Analysis of orders allowed us to identify another potential latent safety risk during ICU rounds. Order entry errors are a known problem despite, and in some reports, as a result of the adoption of computerized physician order entry systems (20, 21) . Our results suggest that increased scrutiny on this task is needed. A mean of 3.6 ordering inaccuracies per case was observed, half of which were entering orders not requested on rounds. The role of order writer is a relatively new one, intended to speed up delivery of care and avoid missed orders. However, this role introduces a previously unrecognized safety threat into rounds (22) . In the simulation, the order writer did not preround and therefore was not familiar with the case, which is typical in real rounds, and consistent with prior reports suggesting a significant disconnect between the role of order writer and clinical decision-making (22) . As an unintended consequence of this workflow, they spend a large amount of time browsing the EHR, rather than exclusively listening for and inputting orders, evidenced by their independent recognition of safety items. Further, the degree of screen navigation was inversely related to recognition of safety items, suggesting this behavior is magnified when the order writer attempted to serve as part of the "safety net" of rounds. This multitasking in the order writer's workflow likely contributes to the number of missed and nonverbalized orders, in spite of a dedicated order read back, and highlights the utility of simulation to both understand the function of the order writer and provide an opportunity for dedicated training in the function in future studies.
Limitations of our study include this was a single center, single ICU study. The simulation diverged from real rounds in a number of ways. First, there was no actual patient, which could have impacted data gathering patterns. We attempted to account for this by limiting safety issues to items readily notable in the EHR and did not require physical examination or inspection of equipment or monitors. Second, the intern rounded without the help of a senior resident. This design was in part due to resource limitations but also to understand how the EHR and rounds perform in this vulnerable and not uncommon scenario (e.g., the senior resident's day off). Third, and perhaps most important, the attending was a confederate meant merely to ensure rounds followed the set script and to ensure adequate fidelity. The reason we chose not to include an actual attending was multifold. For one, the primary goal of the study was to evaluate information gathering and processing by team members assigned to the prerounding and presenting roles (which the attending is not), with the premise that effective team decision-making is critically dependent upon avoidance of errors in this process (19) . Further, recognition of these items in the EHR should be independent of a physician who is not involved in the data gathering process. ICU rounds, if designed to incorporate each member's skill set and integrate a high functioning EHR, should overcome the absence of the attending. Finally, the presence of an attending potentially impacts both real-time data gathering and recall bias (e.g., questioning from the attending alters individual perception of what is appropriate selective data reporting/interpretation), and these factors are dependent on the attending's knowledge base and heuristics, a variable which would be impossible to control for. We recognize that there are complicated medical decisions that will always require an attending physician; however, the safety items in these simulations did not fall into that category, and teams were credited with recognition simply by mentioning the items (e.g., increased calcium). There was no requirement to address them in the plan, nor were they graded on the quality of this plan. Another limitation is that other professional groups such as respiratory therapist, physician assistants, and nurse practitioners were not included. This is an important consideration as they likely have significantly different data acquisition patterns (23) . Future studies will aim to determine if their addition adds to team performance. Finally, simulations were done in the afternoon with existing ICU staff. Although this ensured that all members of the team were familiar with the current rounding structure, it is possible that ICU acuity contributed to cognitive fatigue and thus underperformance of the teams.
In conclusion, we demonstrated the feasibility of creating a comprehensive ICU rounding simulation which effectively reproduces interprofessional contribution and for analysis of the sociotechnical factors associated with integration of the EHR into the process. By using high complexity, purposively designed simulated EHR charts, we can now use these simulations as a test-bed to assess modification to the rounding structure to improve efficiency, efficacy, and safety of ICU rounds.
